u, Brain-stem auditory evoked potentials (BAEP's) were recorded in 19 patients with spontaneous intracerebral hemorrhage. More than half of the patients were deeply comatose. There was no correlation between BAEP changes and different types of spontaneous intracerebral hemorrhage or between BAEP's and coma grading by the Glasgow Coma Scale. However, BAEP's were a significant prognostic aid in these cases and useful in indicating the level of the brain-stem lesion.
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RAIN-STEM auditory evoked potentials (BAEP's)
are a sequence of seven low-amplitude potentials of less than 1 uV, recorded from the scalp in response to click stimuli. 5'1~ These potentials are thought to be a far-field reflection of the activities in the brain-stem auditory pathway. 1. 4 The source of these waves has been ascribed to the following anatomical structures" wave I, auditory nerve; wave II, cochlear nucleus; wave III, superior olivary nucleus; wave IV, lateral lemniscus; wave V, inferior colliculus; wave VI, medial geniculate body; wave VII, thalamic structures and auditory radiation. 3'4'8 Recently, BAEP's have been employed in many clinical situations as a sensitive electrophysiological parameter to assess the central auditory pathway and, indirectly, the integrity of brain-stem functions. 2'~5 The test has been particularly useful in detecting subclinical lesions of the brain stem in various neurological diseases (especially in demyelinating processes), as well as in establishing the diagnosis of brain death and distinguishing cases of coma due to intrinsic brain-stem lesions from metabolic-toxic causes. 7-1~
We have recorded BAEP's in 19 cases of spontaneous intracerebral hemorrhage (ICH), and evaluate our findings related with both computerized tomography (CT) scanning and clinical signs.
Clinical Material and Methods
Nineteen patients with spontaneous ICH were examined; 13 of them were deeply comatose (Glasgow Coma Scale (GCS) score less than 7). The cause of the hemorrhage was hypertension in nine cases, aneurysm in five cases, and arteriovenous malformation in four cases. The origin of a pontine hemorrhage in one case was not elucidated. The BAEP's were recorded from silver-silver chloride superficial electrodes placed at the midcentral position (Cz) and the left and tight mastoids (M1,2) according to the international system of electrode placement (10-20 system). The impedances of the applied electrodes were below 5 kOhm. The bipolar electroencephalogram was amplified with filter settings between 300 and 3000 Hz. Clicks of 0.10-msec duration were presented monaurally through shielded earphones at a rate of 11/sec and an intensity of 60 dB above the hearing threshold. In patients in whom the hearing threshold could not be determined, clicks of 80 to 90 dB were used.
The M1-and Cz-derivation was used for the left recording, with M2 serving as ground electrode, while BAEP's following right ear stimulation were recorded between the M2 and Cz electrodes with M1 used as a ground. The responses were amplified by a Tracor amplifier and summated by a Tracor computer system.* A total of 2000 pip trials were triggered by this system and averaged. The latency and amplitude of waves I, III, and V were determined by a cursor measurement, and the final wave configuration was stored on a floppy * TN 3007 A amplifier and TN 3000 computer system manufactured by Tracor, Inc., Instrument Group, 6500 Tracor Lane, Austin, Texas. * BAEP = brain-stem auditory evoked potential; AVM = arteriovenous malformation; ACoA = anterior communicating artery; PCoA = posterior communicating artery.
t Both = pathological BAEP changes on both sides; one = pathological changes of BAEP's on one side. z~ Definition of outcome grading: I = good recovery; II = moderate disability; III= severe disability; IV = persistent vegetative state; V = death.
disc. It could then be recorded later by a HewlettPackard x-y plotter. In our intensive care unit comatose patients were examined daily, and a changing clinical situation was noted several times a day.
Results
Normal values for both latencies and amplitudes for the seven response components are presented in Table  1 . The control data were obtained from 43 healthy subjects. Table 2 shows the results of BAEP measurements in cases with spontaneous ICH. The mean values of latency and amplitude of waves I, III, and V were established, averaging several measurements. The BAEP's were considered abnormal if the data in patients with spontaneous ICH deviated from normal mean values by more than one standard deviation: 10.5% of the cases had normal BAEP's, 31.6% showed pathological BAEP's on one side, and 57.9% had pathological recordings on both sides. All patients with normal BAEP's were eventually discharged from the hospital without neurological sequelae.
Comparison of patients with unilateral pathological BAEP's and those with bilateral pathological BAEP's showed that the latter group of patients had a much worse prognosis. In all, 52.6% of these 19 patients with spontaneous ICH died; 80% of them showed pathological BAEP changes on both sides, while the remaining 20% had pathological BAEP's on one side. Of the six patients with pathological BAEP's on one side, 33.3% recovered well, 16.7% were discharged with moderate disability, and another 16.7% had a severe disability. None of the patients with bilateral pathological BAEP's made a good recovery, 18.2% were discharged with severe disability, and 9.1% remained in a persistently vegetative state (Table 3) .
It was impossible, however, to establish any typical changes of BAEP's due to the different types of spontaneous ICH. Pathological changes of BAEP's were established in patients with impairment of brain-stem 
FIG. 1. The range of amplitudes (upper) and latencies (lower) of waves I, III, and V in patients with different coma grades as measured by the Glasgow Coma Scale (GCS).
function, although in several cases the clinical signs of brain-stem lesion were not yet present. A primary brainstem lesion was characterized by prolonged latency of waves III and V and increased brain stem-midbrain conduction time (interpeak latency of waves III and V), as well as decreased amplitudes of waves III and V. However, the change in BAEP's typical of a primary brainstem lesion was absence of the responses, with the exception of wave I (Fig. 2) . A secondary brain-stem lesion showed either prolonged latency of brain stemmidbrain conduction time or decreased amplitude of waves III and V (Fig. 3) . In the final analysis, however, BAEP's of both types of brain-stem lesion were indistinguishable. Figure 1 shows the range of latency and amplitude of waves I, III, and V in patients with different GCS coma grades, 13 but a correlation between these parameters could not be established. The mean duration of stay in our clinic was 23.8 days.
Illustrative Cases
Primary Brain-Stem Lesion
Case 7. This 62-year-old man was admitted to our clinic with a Glasgow Coma Scale score of 9. There was no previous medical history. On the day of admission he had complained of a sudden headache and was unable to speak clearly. The neurological examination showed paresis of the fifth, seventh, ninth, 10th, and 12th cranial nerves on the right side, and hemiparesis as well as hemihypesthesia on the left side. A C T scan revealed a prepontine area of high density, which aroused suspicion of an aneurysm of the basilar artery. This was confirmed by left vertebral angiography. Recordings of BAEP's showed only wave I on the right side and considerably prolonged latency and decreased amplitude of wave V on the left side (Fig. 2) . The patient died after 10 days. Neurosurgical treatment was not carried out.
Secondary Brain-Stem Lesion
Case 10. This 46-year-old woman had a sudden headache and became somnolent. She was first admitted to a small hospital in another town. Lumbar puncture revealed bloody cerebrospinal fluid, and the patient was consequently transferred to our clinic. Her GCS score was 9, neurological deficits were absent, but she had neck rigidity. A CT scan revealed subarachnoid hemorrhage in the basal cisterns, more on the fight than on the left, with concomitant mild brain swelling. Tracings of BAEP's showed normal latency of waves I, III, and V on both sides, but clearly decreased amplitude of wave V on the fight side (Fig. 3) . Cerebral panangiography revealed an aneurysm of the anterior communicating artery. Rising intracranial pressure was recorded. The patient became comatose on the 2nd day and died 3 days later without operative treatment. 
Discussion
Monitoring of BAEP's is an objective measure of the function of the cochlea and central auditory pathway. The response components are thought to be far-field reflections of the electrical events generated deep within the brain at the various nuclei and tracts composing the auditory pathway. These potentials spread through brain tissue and can be detected by scalp electrodes after sufficient amplification and computer processing. The precise site within the brain generating the various components of the BAEP's has been well examined in man and experimental animals. 1'4'5 The results of the present study indicate that BAEP's can provide information about the functional integrity of the auditory pathway in patients with spontaneous ICH, although no typical changes of BAEP's due to different types of spontaneous ICH were recorded.
In this series of 19 patients, 68.4% were comatose (GCS score of 6 or less). By BAEP examination it is possible to differentiate whether coma is due to a supratentorial or infratentorial lesion. TM Particularly in patients with coma in whom signs of brain-stem impairment are not yet present, BAEP's are very helpful in detection of a brain-stem lesion. We could not find any correlation between coma grade (GCS score) and changes of BAEP's (Fig. 1) . In our opinion the explanation for this is the fact that the GCS does not consider all brain-stem signs. Only scoring of motor responses such as abnormal flexion or extension is included. So we believe that the classification of coma into cortical/ subcortical, diencephalic, mesencephalic, pontine, and medullary levels is preferable for this purpose.
The recorded changes of BAEP's in our study were mean values, which were monitored daily, sometimes several times a day. The difficulty lay in the determination of which BAEP values were pathological. We decided that values are abnormal if they differ from normal levels by more than one standard deviation. The latencies of waves I, lII, and V are considered pathological if they exceed the mean values for more than one standard deviation, and the amplitudes of waves III and V are indicative of pathology if they are below the mean values for more than one standard deviation (Table 1) . Seales, et al.,7 defined as abnormal an amplitude that was more than three standard deviations below the mean, and a latency of wave V that was more than two standard deviations above the mean. As a parameter for abnormality, Stockard, et al., 12 used the interpeak latencies between waves I and III, as well as III, IV/V, and V, because they vary relatively little with such factors as age, peripheral hearing loss, and stimulus rate or intensity. 6 Abnormalities of amplitude were defined on the basis of wave IV/V only, because this is the largest and most reliable of the response components. The amplitude of this wave was considered abnormal if it was reduced by more than three standard deviations below its normal mean. Wave I amplitude, when similarly measured, had to exceed the peak-to-peak amplitude of wave IV/V. Complete absence of wave IV/V was classified as an abnormality of amplitude. When a comparison is made with clinical signs and operative and autopsy findings, a range of two standard deviations is, we believe, too large for the latency of waves III and V, while a difference of three standard deviations can be accepted for the amplitude of wave IV/V together and V only.
Seales, et al., 7 recorded BAEP's in 17 patients who were comatose as a result of blunt head trauma. The authors reported that the BAEP was a significant prognostic aid as early as 3 to 6 days following injury. In our study of patients in coma as a result of spontaneous ICH, we also found that BAEP's were a significant prognostic aid. The patients with bilateral pathological BAEP's clearly had a poor prognosis, with about twothirds of them dying; only one-third of patients with unilateral pathological BAEP's died, and all patients with normal BAEP's were discharged from the hospital without neurological deficit (Table 3) .
